| INTRODUCTION
Aromatic polyamides are well known as a main group of heat-resistant polymers. As a general definition, a polymer is considered as a heat-resistant polymer that it could be able to maintain its properties at 250°C for a long time, at 500°C for a medium time and at about 1,000°C for very short time. [1, 2] Aromatic polyamides have good mechanical properties, dimensional stability, excellent thermal and oxidative stability, and resistance to different environments (chemical, UV radiation, and oxygen). Due to their specific properties, researchers have focused on synthesizing these polymers for various applications. One of the drawbacks to the utilization of these polymers is the difficulty in processing due to their insoluble nature in organic solvents in addition to their high melting point or glass transition temperatures. The problem of processing of these polymers arises from by intermolecular dipole-dipole and hydrogen bonding between amide groups. One of the ways of overcoming the main problem of heatresistant polymers-that is, enhancing solubility without too much scarifying of the thermal stability-is the design and synthesis of new monomers. [3] [4] [5] [6] For the preparation of polyamides, aromatic diacids are valuable structural blocks. To extend the utility of these highperformance materials, the introduction of some groups to the main chain of the polymer for balancing of the thermal stability and solubility is essential. Many different methods have been suggested for improving the processability and solubility of polyamides like introducing bulky groups and flexible linkage in the structure of monomer, in addition to decreasing the molecular symmetry and copolymerization.
Polymers containing special aromatic units in the main chain or side chain have attracted much attention because of their inimitable properties, which allow various optoelectronic applications, such as photoconductive, electroluminescent, electrochromic, and photorefractive materials. Anthraquinone moiety can be used as electrochromophore in the backbones of high-performance polymers such as aromatic polyamides. [5, 12, 13] In this study for the preparation of anthraquinone-based electrochromic polyamides with better performance, two novel diacids containing photoactive aromatic groups were synthesized and characterized. The related specific polyamides were prepared from the reaction of these diacids with various aromatic diamines. Incorporation of bulky aromatic groups, flexible ether linkages and the disruption of molecular symmetry and regularity in the polymer backbones, effectively improved the solubility of the thermally stable polymers. Structure-property relationships of the prepared polyamides were also investigated.
| EXPERIMENTAL

| Materials
Chemical compounds were purchased from Aldrich Chemical Co. 1-Methyl-2-pyrrolidone (NMP) and toluene were purified by vacuum distillation over calcium hydride. Calcium chloride was dried in a vacuum oven at 90°C for 5 hr before use.
| Instruments
Infrared measurements were performed on a Shimadzu IR-470 FT-IR spectrometer. The Bruker Avance DPX 300 MHz was used for recording 1 
8-anthraquinone
Into a two-neck flask equipped with a nitrogen inlet tube, magnetic stirrer, Dean-Stark trap, and condenser were placed potassium hydroxide (17 mmol) and 10 ml of NMP. Then, 4-hydroxybenzoic acid (7.3 mmol) and 5 ml of toluene were added and the reaction mixture was heated for 4 hr at 140°C. After 4 hr, the solution was cooled to room temperature and 1,8-dichloroanthraquinone (2.97 mmol) was poured into flask and the mixture heated for 60 hr at 150°C. The generated water was removed from the reaction mixture by azeotropic distillation. Finally, after 60 hr the temperature of the reaction was again cooled down to room temperature and the pH of the solution was adjusted to 3 by using hydrochloric acid 3 M. The reaction mixture was filtered and washed repeatedly with hot water. The obtained diacid was dried at 110°C under vacuum for 5 hr. The yield of the reaction was about 84%.
| Synthesis of bis(3-oxybenzoic acid)-1,
8-anthraquinone
The above procedure was also used for the synthesis of bis (3-oxybenzoic acid)-1,8-anthraquinone (BO3); however, 3-hydroxybenzoic acid was used instead of 4-hydroxybenzoic acid. The yield of the product was about 86%.
| Polyamide synthesis
Generally, the synthesis of polyamides was carried out as follows: The diacid (1.45 mmol, 0.63 g) of dry calcium chloride, 1.45 mmol of commercial diamine, NMP (7 ml), triphenyl phosphite (1.5 ml), and 1.5 ml of pyridine were added into a flask equipped with condenser and nitrogen gas inlet tube. The mixture was heated at 140°C for 3 hr. The polyamide product was precipitated by pouring the flask content into the methanol. Then, it was filtered and washed with hot water several times and then dried at 120°C for 6 hr under vacuum. Accordingly, 10 novel polyamides were synthesized.
| RESULTS AND DISCUSSION
One of the main aims of this research was to prepare photoactive polyamides with improved solubility and processability while maintaining suitable physical and thermal properties. To attain soluble and processable polymers, the following structural modifications were considered: (a) introduction of flexible ether bonds into the main backbone; (b) the disruption of symmetry and regularity of the repeating unit; and (c) incorporation of anthraquinone bulky groups. [14] [15] [16] [17] [18] [19] [20] For this purpose, preparation of novel diacids as building blocks for the synthesis of polyamides was considered. Bis(4-oxybenzoic acid)-1,8-anthraquinone (BO4) and | BABANZADEH AND MEHDIPOUR-ATAEI bis(3-oxybenzoic acid)-1,8-anthraquinone (BO3) were prepared through aromatic nucleophilic substitution reaction of 4-hydroxybenzoic acid and 3-hydroxybenzoic acid with 1,8-dichloro anthraquinone, respectively. Reactions were carried out in the presence of potassium hydroxide and NMP as a solvent, by azeotropic distillation (Scheme 1).
The structure of prepared diacids was characterized using FT-IR, 1 H-NMR, mass spectra, and elemental analysis. The results are summarized in Table 1 . FT-IR and mass spectra of new diacid (BO4) are shown in Figures 1 and 2 , respectively. In the FT-IR spectra of the diacids, the characteristic bands at about 3,150-3,400 cm −1 were related to the -OH stretching and bands at about 1,709-1,720 cm −1 were attributed to the carbonyl stretching band of acid units. In the mass spectra, molecular ion was detected at 480 that related to molecular mass of the diacids and base peak at 344 was attributed to the loss of oxybenzoic acid fragment. Other fragmentation patterns also confirmed the structure of diacids.
In In the next step, Yamazaki method [21, 22] was applied for synthesis of the novel polyamides by polycondensation reaction of obtained diacids with commercial aromatic diamines using triphenyl phosphite and pyridine as the activating agent and 1-methyl-2 pyrrolidone as a solvent. These reactions have been proposed to proceed via an acyloxy N-phosphonium salt of pyridine formed by dephenoxylation of triphenyl phosphite that followed by aminolysis. [23, 24] The synthesis pathway of polyamides is demonstrated in Scheme 2. As a result, 10 novel polyamides were prepared through the condensation of two diacids with five diamines. The structure of generated polyamides was confirmed via FT-IR, 1 H-NMR, and elemental analysis. The results are collected in Table 2 .
In the FT-IR spectra, the presence of band at about 1,665-1,678 cm −1 was related to the formation of carbonyl amide group. Also -NH stretching amide bands were appeared at about 3,364-3,422 cm −1 . The existence of -NH peaks in 1 H-NMR spectra of polyamides at 9.93-10.12 ppm was another evidence for amide formation. Agreement of calculated elemental analysis with found ones also confirmed the preparation of polyamides.
The inherent viscosities of synthesized polyamides, as a criterion for the approximation of molecular weight, were evaluated in NMP using an Ubbelohde viscometer at 30°C and at a concentration of 0.5 g/dl. The viscosity of polyamides based on BO4 and BO3 diacids was in the range of 0.49-0.55 and 0.45-0.51 dl/g, respectively, which indicate a favorable molecular weight for the prepared polymers (Table 2) . Since the solubility of the polymers was limited in the solvents, a reliable response was not obtained from GPC technique, so the measurement of molecular weight was based on the viscosity data. By comparison of the obtained inherent viscosity with the similar polyamides, [25] it was concluded that the molecular weights of the polymers should be in the range of 45,000-55,000. Therefore, the degree of polymerization in these polyamides was about 72-89. One of the main reasons for not attaining high molecular weight polymers should be attributed to the relative bulky structure of the diacids. Thermal behavior and stability of samples were investigated using DSC and TGA techniques. The results are summarized in Table 3 . DSC and TGA thermograms of the two samples are shown in Figures 3 and 4 , respectively. The glass transition temperatures of the polymers were about 189-214 and 182-210°C for BO4-and BO3-derived polyamides, respectively. According to the obtained data, BO4-derived polyamides showed higher glass transition temperature (T g ) compared to the BO3-derived polyamides which was attributed to the higher symmetry of BO4 diacid. The symmetric structure of BO4 diacid led to an increase in chain-to-chain interactions and limited the rotations of polymer chains.
The results of TGA revealed high thermal stability of the polyamides. Favorable thermal stability of samples might be related to the fully aromatic form of the structures. The presence of aromatic units in the polymer backbone generally improves thermal stability due to rigid structure, and also, bulkiness of the aromatic units may enhance the solubility of the polymers from the other side. This might be attributed to the more free volume and less close packing of the polymer chains. Another effect of introducing aromatic units in the polymer backbone would be increasing the crystallinity in the structure because of inflexible and rigid structure.
When the diamine was the same, BO4-derived polyamide showed higher thermal stability which was related to the symmetric structure of BO4 in comparison with the BO3 diacid. This resulted in more close packing of the structure and subsequently higher interchain interaction and stability.
The solubility of polymers was qualitatively checked in different dipolar aprotic solvents (Table 4 ). Polymers were S C H E M E 2 Synthesis of novel polyamides soluble in most solvents like NMP, DMAC, DMF, and DMSO. The solubility of polymers based on BO3 was higher than BO4 derivatives that attributed to decrease in the symmetry of diacid structure. In fact, it led to lower chain-chain interaction and therefore penetration of the solvent into the polymer chains, and also the presence of bulky anthraquinone groups decreased interaction of chains in the polymers and caused good solubility of samples without loss of thermal properties. The optical properties of the synthesized polyamides were monitored by UV-Vis spectroscopy. The presence of some aromatic units and the delocalization of π-electrons made it possible to observe UV-Vis absorption for these polymers, indicating chromophore generation in the polymer backbones. The results were summarized in Table 5 .
T A B L E 2 Results for the characterization of synthesized polyamides
The dilute solutions of these polyamides in concentration of 10 −5 M in NMP displayed distinct UV-Vis absorption bands with maximum in the range of 316-349 nm that were assigned to the π-π* transition resulting from the conjugation between the aromatic rings ( Figure 5 ). Naphthalene-containing polyamides showed lower λ Max in respect of the other polyamides due to the more π-π* transitions and requirement of more absorption energy.
| CONCLUSION
In this article, novel diacids were prepared by the nucleophilic substitution reaction of 1,8-dichloro anthraquinone with 4-hydroxybenzoic acid and 3-hydroxybenzoic acid. The diacids were reacted with commercial diamines to provide new polyamides. Introduction of aryl ether linkages and anthraquinone unit in the polymer backbone improved the solubility of the polyamides in organic solvents without sacrificing thermal stability. On the other hand, the presence of anthraquinone unit in the structure of polyamides renders them photoreactive. These properties can make them a suitable candidate for various thermo-optical applications.
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